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Isolation of azole-resistant Aspergillus fumigatus from
the environment in the south-eastern USA
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ates of the fungus Aspergilius fumigatus has been associgted with agricul-

tural use of azole fungicides. Environmental isolotion of resistant isolates has been reported in Asia, Africa,

Europe ond South America.

Ob_@ectzves, To determine whether A. fumigatus isolates containing TRy, /L98H or TR,e/Y121F/T28%A ¢

in fields in the USA treated with agricuitural gzoles.

Methods: fmp debris wos collected and screened for A. fumigatus.
azcle resistance. The CYP514 gene of azole- feqstmt isolates was

typing.

set of isolates was determined J‘"IHO microsatellit

an be found

All A, fumigoatus isclates were screened for
sequenced. The population structure of a sub-

Results: This article identifies azole-resistant A. fumigatus isolates containing the TR3,/L98H mutation in an ex-
perimental peanut field that had been treated with azole fungicides.

Conclusions: These findings
present where agricultural azcles are used in the USA.

Introduction

Aspergillus fumigatus is g ubiguitous soil fungus found in decaying
orgonic matter and can cause invasive infections in people with
compromised immune systems such as those rec eiving Immuno-
suppressive medication or transplant recipients.’ The azole anti-
{ voriconazole is first-line therapy for the treatment of

invasive aspergillosis.” Before voriconazole became available in
2002, itraconazole was the azole of choice for treating aspergillosis
used in countries where voriconazole ovailability is lim-

and itis stitl
ited. Recently, a unigue machanism r:f rcn istance to the azole anti-
fungals in A. fumigatus was identified.”

It waos first identified in Europe from patients with A. fumigatus
infections that were refractory to treatment; subsequently it was
idertified in isolates recovered from environmental sources in
areas where agricultural azoles had been sprayed on crops.®’ ™
The link between clinical resistance ond agriculturcl azoles was
strengthened when it was shown that ogfru tural azoles could
confer cross-resisiance to medical azoles in A. furnigatus.*®

asistance has been sut ently identified in Asia, the Middle
Egst, Afrco, Australic and South America.”® in the
Netherlands, where the incregse in resistance was first noted,

sisggest the development of resistance to azole antifungals in A. fumigatus may be

azole resistonce has risen to 5%-10% cf oll invasive aspergillosis
cases and is as high as 30% in some high-risk wards.*’

The unigue resistance mechanism is an indel that consists of
both a 34 bp tandem repeat in the promoter region of CYPSIA, the
azole torget gene, and a substitution of leud ne for histiding ot
codon 98 {dencted as TR, /L98H). The combination of these two
mutations confers cross-resistance to the cdlinical azole antifun-
gals.® A second combination indel-substitution also specificalty
associoted with isolctes from the environment, TR,e/Y 171F/T7c;9A
was first detected in Europe ond was soon identified in Asia and

South America as well. 141519
An initial survey of 1026 A. furmigatus isolates collected from
clinics throughout the USA from 2011 to 2013 did not identify any

isclates with either the TR3,/L38H or the TR,e/Y121F/T289A muta-
tion.“ However, a report describing four patient isolates, two with
TR34,/L98H and two with TR.e/Y121F/T2894, wos published in
2015°" followed by ancther report describing a third case of o pc
tient isolate containing the TR./Y121F/T28%A mutaticn.”s In
an effort to determine wnether isolates containing TR34/L98H or
TR,&/Y121F/T289A could exist in the enwircnment in the USA, we
sampled crop debris from peanut fields with a history of exposure
te the agricultural azoles tebuconazole and propicoriazcte, two of
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the ozoles that have been proposed to be the
azole-resistant A. fumigatus in other countries®
which are actively used as agricutturat fungicides |

Materials and methods

Environmental sampling, recovery, identification and
susceptibility testing of A. fumigatus

_nwonmentoi sampling was carried out in experimental fields on
{ ental research form County, GA, USAY in
r the crop harvest. A total of 34 specimens w
rom four separate peanut fislds thot had been sprayed with
fungicides. Recent harvest crop debris and soils were coliected from each of
the four fields. In addition, the harvest debris from the previous years was
collected from a single large compost pile, to which debris from individuad
fields had been deposited and composted for multiple years. Samples were
taken from the interior of the pile. Isolation of A. fumigatus from crop debris
spacimans was accompiished by adding ~30mL of a sterile 0.1 M solution
of sodium pyrophosphaote o the collection jar, which waos vortexed vig
ousky for _%’J s. The jar was allowed fo sit for Tmin; 10 and 100 ul of the
supernatant were each plated on two Sgbouraud dextrose agar (SDA)
olates supplemented with chloramph g icl
{0.05 mg/L). Plates were incubated ot 45°C for up to 7 days and col
wera hanvested when they were 2-4 mm in digmeter. The plated volume of
supernatant was adjusted if necessary in a subsequent plating for each
sampte to achieve <10 total colonies per plate. The isclates were prelimin-
nﬁﬂod by n“oc’oscop ic cmd i C!’OSCf‘p!C m@pho ogy und deﬂmtwo

i oi.otes WETe § Ueened fo. re< |s€,unce by ylﬂtl!’!_‘ on S_»A con-
g4 itraconazote. Inaddition some supernatants were plated dir-
ectly onto SDA plates containing 4 mg/i voriconazole. Susceptibility testing
of the isclotes was performed by broth microditution according to CLSI
document M38-A2.7

Amplification of the CYP51A gene

Genomic DNA was extracted from mycelium o pyeviou”iv described.’” Th
CYP51A gene ond promoter were amplified using two primers and
sequenced using eight additional primers as de mhed previcusly.”® The
CYP51A sequence from A. fumigatus strain 237 {GenBank accession number
AF338659) was used as the WT reference.

HES

Microsatellite analysis

Isclates were genctyped by microsatellite analysis using the nine primer
sets 5TRAF2a, STRAF2D, STRAF3a, STRAF3D, STRAF4e, STRARAD, BDA, BDB
and BDD as previously described ™7 eBURST anclysis of m“crr‘scxtcllite
results was accomplished using eBURST V3 Imperial College Londen.?®

Results

Out of the 34 environmental specimens that were collected, no
A. fumigatus was isclated from 26 of thern, including oll of the
recent harvest piles and soil from the individual fields. A total of
200 isolates of A. fumigatus were grown from eight specimens
collected ot different spots from a orqo compost pile containing
peanut plant harvest debris from muitiple fields that had accumu-

loted over severalyears. Of these 200 ISO[GTE;, 38(19%) were gble
to grow on medium containing 4 ma/L itroconazole. Susceptibility
testing confirmed the 38 isolates were resistont to itraconazole
with MIC values of »16 mg/L and voriconagzole MICs ranging from
0.5 to 4 mg/l. Sequencing of the CYP51A gene revealed 20 of the

itraconazole-resistant isolates contained TR,.,/L98H and none con-
tained TR, /Y12 1F/T289A.

To screen specificolly for TR,e/Y121F/T2894, ¢ ens from the
large debris piles were plated directly onto SDA containing 4 mg/L
voricorazole. Eighteen additicnal azcle-resistant A. furnigatus iso-
lates were iden Jﬁed None of those isclates possessed TR,e/Y121F/
T2894 and only ane possessad TR, /LI8H. However, four possessed
gt least one mutgtion known to be in the CYP51A genes of both sus-
ceptible and resistant isclates, such as FABY/ME72V/N24ET/D255E/
427K 1242V and G254V {data not shown).

To determine the geﬁetic relatedness of the isolates, micro-
satellite typing was performed on 51 of the isolates, 30 of which
contained the TR3,/L98H mutation. Of these 30 isolates with the
TR34/L98H mutation, 22 {73%) were identical by microsatellite
typing, suggesting they were clonacl in origin. An additional six
isolates differed from the clenal group by a single locus {o differ-
ent locus for each of the sixisolotes), one more was different by
two loci and one TR3,/L98H isolate had a completely unrelated
microsatellite pattern (Figure 1). By contrast, the majority of the
susceptible isolates had a unique ricrosateilite pattern, indica-
tive of o complex population structure of A, fumigatus.

e

Discussion

This article demonstrates that TRy, /L98H azole-resistant A. fumigatus
isolates can be found inon agricultural setting in the USA. This surveil-
lance was not meant to be comprehensive or quantitative. Further
strategic sampling in ogricultural and nor-agricultural areas shouid
be conducted to assess the geogrr=p"1?fa boundaries of A. fumigatus
resistance. It will also be mpor ant to better understond the struc-
ture of A fumigatus natural populations in the USA to determine
whether isolates with the TR3,/L98H mutation hove been introduced
from other sources or originated locally in the LISA. A more compre-
hensive typing system like WGS may be able to distinguish between
these two possibifities.”” Although there have only been a few pa-
tients with disease caused by azole-resistant isolates with this muto-
tion in the LSAYY there needs to be heightened awareness among

Figure 1. Genetic relotionships among 51 isclates based on nine micro-
satellite loci visuatized b_y 2BURST. tafh circle reprasents a distinct geno-
type; the size of a circle is proportional to the number of isclats i
the genotype. Relate notypes are connected by lines; o hﬁe s i
lent to a one-locus difference. Genotypes with the TRy, H i r;umf on
are light grey and gzole-susceptible isolates are black. Numbers next to
the circles indicate the number of isolates with the TR:4/L98H mutation
out of the total number of isolates with the same genctype. If no num-
ber is placed next to the genctype it means that only a single isclate
with tmis genotype has been recovered.
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hegithcare providers about possible resistance in patients with inva-
sive aspergillosis. It is important to note that several studies have
demonstrated that potients can be ceinfected or co-colonized by
both resistant and susceptible isolates ot the same time, so culturing
a susceptible isclate from o potient with a refractory infection does
not rule out the presence of a resistant isolote. > While susceptibil-
ity testing of all isolates of A. fumigotus s net currently recom-
mended in the USA by the IDSA/ it should be considered when
natients have aspergillosis thr=t is refractory to azole treatment.”’
Further survelilonce and study for azole-resistant A. fumigotus is
needed in both clinical and envir onmeﬂtol areqs inthe USA.
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